Synchronized direct current shock (Lown, Amarasingham, and Neuman, 1962) (Thomson, 1956; Oram and Davies, 1964; Davies, Leak, and , many authors state that it should be used prophylactically (Lown et al., 1963; Hurst et al., 1964; Korsgren et al., 1965 ; Morris, Peter, and McIntosh, 1966) . However, Halmos (1966) and Szekely, Batson, and Stark (1966) have suggested that quinidine does not prolong the duration of sinus rhythm.
In this paper we describe our experience in using direct current shock to treat 149 patients with atrial arrhythmias. The effect of prophylactic quinidine on the maintenance of sinus rhythm in a group of patients with rheumatic heart disease is compared with another group on no quinidine. A number of other factors have been analysed to determine their influence on results.
SUBJECTS AND METHODS
The 149 patients were attending either the Royal Infirmary or the Western General Hospital, Edinburgh. Their distribution according to age, sex, aetiology of heart disease, and type of arrhythmia is shown in Table I .
Those with rheumatic heart disease and atrial fibrillation have been further analysed by comparing the distribution of cases according to age, sex, duration of preceding arrhythmia, valve lesion, heart size, and height of the 'f' waves in one group receiving quinidine and another on no quinidine (Table II) . No statistically significant difference is present between these groups.
The technique of cardioversion was similar to that described by Lown (1964) . General anaesthesia was given in all cases.
Patients were admitted to hospital after digoxin and diuretics had been discontinued for two or three days. Patients in the Royal Infirmary were premedicated for 24 hours with quinidine 1 g. in divided doses and maintained on the same daily dose following successful cardioversion. Those in the Western General Hospital were not given quinidine before or after the procedure. Although not included in our analysis, 12 per cent of patients premedicated with quinidine converted to sinus rhythm without electrical shock. Anticoagulants were started at least three weeks before conversion in 35 patients with a history of embolic phenomena and 18 in whom clot had been demonstrated in the left atrium at operation or where atrial fibrillation was of recent onset. Five patients with prosthetic valves were already on anticoagulants.
Those patients who were successfully converted were reviewed as out-patients within the first month and thereafter every three months so long as sinus rhythm persisted. Over 80 per cent of patients have been followed for more than three months and 40 per cent for over a year. Three patients were lost to follow-up after less than a month. At each visit serum quinidine levels were estimated (Brodie et al., 1947) . These levels varied between patients and in the same patient on different occasions, but the mean level throughout the study was 2 2 mg. per 1. (SD± 1 1). Quinidine was stopped when reversion to an arrhythmia occurred.
RESULTS
The results in the 94 patients with rheumatic heart disease and atrial fibrillation detailed in Table  II are shown in Fig. 1 No significant difference between the groups by x2.
diversity of the underlying heart disease. After successful conversion of atrial fibrillation 70 per cent of patients followed for over a year maintained sinus rhythm ( Fig. 2c ).
Reversion to atrial fibrillation occurred most frequently during the first three months in both rheumatic and non-rheumatic patients; subsequently the chances of reverting were substan-RHEUMATIC HEART DISEASE NO QUINIDINE QU (a) number at risk 100 1. 50 etially reduced (Fig. 2) . Thirteen cases of rheumatic heart disease were subjected to DC shock on two occasions; all were successfully converted but 9 subsequently reverted. When reversion occurred within a month of DC shock it was seldom maintained for a longer period after a second conversion.
Other factors have been analysed in the 129 patients with atrial fibrillation to determine their influence on the initial or subsequent outcome of electrical conversion. Sex and age over or under 50 years did not significantly influence results. Only 6 per cent of patients failed to convert when the preceding arrhythmia had been present for less than two years compared with 36 per cent when the arrhythmia had been present for more than two years. Long duration of preceding arrhythmia was a less significant factor in the maintenance of sinus rhythm. Fibrillatory waves of over 2 mm. in lead Vi favoured conversion but did not influence maintenance of sinus rhythm. Over-all cardiac size, i.e. cardiothoracic ratio, did not influence either the success of conversion or the maintenance of sinus rhythm, but in the rheumatic group all the failures had a cardiothoracic ratio of more than 55 per cent.
Most of the rheumatic patients had multivalvular defects, and this increased the chances both offailure to restore sinus rhythm and of relapse to atrial fibrillation (Table III) (Goldman, 1960; Sokolow and Perloff, 1961 ; Hurst et al., 1964; Lown, 1964) .
In the present study patients with rheumatic heart disease were divided into two comparable groups. The first was premedicated with quinidine and this drug was continued after successful direct current conversion while the second group did not have quinidine. There The number of non-rheumatic cases which maintained normal sinus rhythm for over a year was significantly greater than in the rheumatic group. Morris et al. (1966) showed that patients with ischaemic and hypertensive heart disease had a high recurrence rate of atrial fibrillation but in small numbers we have not confirmed this.
Over a third of those cases which reverted to their original arrhythmia did so within three months of conversion, and similar experience has been reported by Korsgren et al. (1965) , Hurst et al. (1964) , and Morris et al. (1964, 1966) . The suggestion that premedication with quinidine avoids early recurrence of atrial fibrillation in the immediate postconversion period (Morris et al., 1964; Reinikainen et al., 1965; Rossi and Lown, 1967) has not been confirmed by this study. There is, in general, littleadvantageinreconverting patients who revert within a month of cardioversion (Morris et al., 1964; Korsgren et al., 1965 (Goldman, 1960; Rokseth and Storstein, 1963) and more recently with electrical conversion (Korsgren et al., 1965) . Oram and Davies (1964) and Halmos (1966) showed that in atrial fibrillation from all causes the chances of failing to convert the arrhythmia were greater when the fibrillatory waves were small. In our series similar results were obtained, particularly in the non-rheumatic group, but reversion to atrial fibrillation was not influenced by the amplitude of the initial 'f' waves. The cardiothoracic ratio did not affect either the success or the maintenance of sinus rhythm in the non-rheumatic heart disease group, possibly because the precipitating cause of the cardiomegaly, such as atrial septal defect or hypertension, had been treated. On the other hand, all the failures in the rheumatic heart disease group had cardiothoracic ratios of greater than 55 per cent, but like Oram and Davies (1964) and Halmos (1966) we were more impressed by the number of such patients who were successfully converted (75%). Duration of maintained sinus rhythm in the rheumatic group was not significantly affected by cardiomegaly. As previously shown with quinidine (Logan and Turner, 1953) , patients with isolated mitral stenosis complicated by atrial fibrillation and treated by valvotomy responded well to direct current shock; only one patient failed to convert to sinus rhythm. But even in this favourable group reversion to atrial fibrillation did not differ from those patients with other valvular defects. In the latter group there was a higher rate of initial failure.
We were unable to confirm the observations of Lown et al. (1963) that the P-R interval tended to be prolonged after cardioversion. In our series 85 per cent had P-R intervals of less than 0 2 sec. immediately after conversion. Of the 17 patients who did have a P-R interval of over 0-2 sec., 15 had been premedicated with quinidine. Prolongation of the P-R interval is known to be an action of quinidine (Holzman and Brown, 1951; Sokolow and Perloff, 1961) . It has also been shown that following electrical conversion, latent features of digitalis toxicity such as first degree heart block may become manifest (Gilbert and Cuddy, 1964) .
After successful conversion there is a potential risk of precipitating acute congestive cardiac failure if uncontrolled atrial fibrillation returns. The risk is increased in cases on maintenance quinidine, particularly when digitalis has been discontinued after restoration of sinus rhythm. This point was emphasized by Oram and Davies (1964) . Most of our patients did receive digitalis as well as quinidine following conversion but some were not on digitalis. One patient had to be readmitted for treatment of congestive cardiac failure on reversion to atrial fibrillation.
Transitory post-conversion arrhythmias were common but not serious. Premedication with quinidine significantly reduced their frequency, an observation noted previously by Lemberg et al. (1964) and Rossi and Lown (1967) . SUMMARY Direct current shock was used to treat 149 patients with atrial arrhythmias. Sinus rhythm was established in 88 per cent. Rheumatic patients with atrial fibrillation were divided into two comparable groups. The first received quinidine (1 g. per day) 24 hours before the procedure, and following successful cardioversion patients were maintained on the same daily dose. The mean serum quinidine level was 2 2 mg./l. (SD ± 1 -1). Quinidine was not given to the second group. Observed maintenance of sinus rhythm following DC shock was not statistically different in the two groups. In patients followed for over a year about 45 per cent maintained sinus rhythm, which contrasted with the nonrheumatic group where 70 per cent maintained sinus rhythm over the same period. There was little advantage in reconverting cases who reverted within a month of cardioversion.
When the preceding arrhythmia had been present for more than two years the chances of initial successful conversion and subsequent maintenance of sinus rhythm were reduced. Small 'f' waves also increased the chances of initial failure but did not influence the maintenance of sinus rhythm. Heart size did not affect results, but in the rheumatic group all the failures had a cardiothoracic ratio greater than 55 per cent. Although patients with isolated mitral stenosis complicated by atrial fibrillation and treated by valvotomy responded well to DC shock, reversion to atrial fibrillation was as frequent as in those patients with other valvular defects. In the latter group the initial failure rate was higher.
Transitory post-conversion arrhythmias were common but not serious. Premedication with quinidine significantly reduced their frequency. Ten per cent ofpatients on quinidine had side effects, mainly gastro-intestinal; one patient developed transient thrombocytopenia.
In patients with rheumatic heart disease it is concluded that, following cardioversion, prophylactic quinidine, achieving a mean serum level of 2-2 mg./l., does not increase the chances of maintaining sinus rhythm.
